Research results indicate systemic odor identification deficits in patients with Alzheimer's disease (AD). The aims of this study were: 1) to compare the ability to identify different odors and to compare cognitive status among patients with AD, patients with vascular dementia (VaD) and a comparison group of elderly persons; 2) to test the efficiency of olfactory and neuropsychological measures to classify patients and 3) to relate the odor identification ability with cognitive functioning for each group, respectively. The participants were 15 patients with AD, 11 patients with VaD and 30 non-demented elderly persons, age range 58 to 90. To assess olfactory function, we used the Scandinavian Odor-Identification Test. To assess cognitive functions, we used the Dementia Rating Scale-2, the Clock Drawing Test, the Boston Naming Test and the Category Fluency Test. The ANOVA showed that patients with AD correctly identifed significantly fewer odors presented to them compared to patients with VaD and control group. Patients with AD achieved significantly lower scores on all neuropsychological measures compared to the control group and differ in the DRS-2 total score, initiation/ perseveration, constructive and naming abilities comparing to patients with VaD. Discriminant analysis showed that category fluency and olfactory identification were the best predictors of AD. Significant correlations were found between the olfactory and initiation/perseveration, memory and animal naming abilities for patients with AD. Differences among patients with AD, VaD and elderly persons exist in their abilities to identify odors. The findings suggest that olfactory functional testing in combination with memory testing are important.
introduction
Alzheimer's disease (AD) is the most common cause of dementia among people over the age 65 that involves the impairment of cognitive domains (e.g., reduced memory, language, executive functioning, visuospatial skills), and other areas of global functioning, including olfactory detection and identification [1] [2] [3] .
Several different odor identification tests
have been developed for use in clinical settings to detect olfactory disfunction. One of the first and the most widely used was The Smell Identification Test, formerly denoted UPSIT, developed by Doty et al. [4] ) Studies that have used this and other similar tests reported olfactory impairments, especially odor identification deficits in AD [1, 5, 6] . Other reports describe that olfactory brain regions were subject to AD neuropathology, including cell loss, amyloid plaques and neurofibrillary tangles [3, 7, 8] . Wilson et al. [9] found that the density of tangles present in the central olfactory system, the entorhinal cortex and CA1/subiculum region of the hippocampus, was inversely related to odor identification ability. It is not suprising that olfactory deficit are apparent even in the earliest stages of AD given that the earliest pathologic changes in AD appear to take place within the transentorhinal and entorhinal cortex [2, 5, 7, 10, 11] . This area of the brain is important both for memory consolidation and the processing of olfactory information [2] .
According to these findings some authors have proposed a relationship between the course of AD and the appearance of olfactory deficits that might appear even before cognitive deficits [3, 12] . Therefore assessment of olfactory functions may be the method of choice for early identification of patients with memory deficits [2, 3, 8] . Schubert et al. [3] found a strong association between olfactory impairment and 5-year incidence of cognitive impairment, which is consistent with the results found in other longitudinal studies.
Olfactory deficits have been observed in non-AD dementias including vascular dementia, dementia with Lewy bodies, Huntington's disease, frontotemporal dementia and Parkinson's disease [13] [14] [15] [16] .
AD and VaD are the most common forms of dementia but often difficult to differentiate [17] . VaD refers to a cumulative decline in cognitive functioning secondary to multiple infarctions, ischemic injury or hemorrhagic lesions [10] . AD and VaD are quite heterogeneous and can overlap in their clinical presentations [10] . There is no clear consensus concerning the cognitive function or tests that best discriminate between these two type of dementia [17] 
experimental Procedures
The local Ethics Committee of the Department There are a number of versions and scoring systems of this test. In this study, the participant was provided a sheet with a printed empty circle (10 cm in diameter), representing the shape of the clock face. The participant was asked to write the numbers and draw the hands for "10 after 11, " a commonly used time setting.
The scoring system used in this study is a simple 4-point system: 1 point for all numbers (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) present and in the correct sequence; 1 point for correct spatial orientation and placement Boston Naming Test -BNT [24] is a 60-item test used to assess visual naming ability using black and white drawings of common objects.
The participant was asked to name drawings of objects with increasing difficulty, ranging from simple, high-frequency vocabulary words (e.g., comb) to rare words (e.g., abacus).
Scores included the number of spontaneously produced correct answer, the number of cues given, the number of correct responses after semantic hinting, and the number given after phonemic hinting. The total of correct responses is the sum of the number of spontaneously given correct responses and the number of correct responses given after a stimulus hint. demented elderly persons were evaluated in nursing homes in Rijeka and Pula.
results
Analysis of variance (ANOVA) revealed that the three groups did not differ in terms of age (p=0.79) and educational level (p=0.77).
There were no significant differences of gender proportions across groups. As can be seen in Table 2 
The relation between olfactory and cognitive abilities in patients with vascular dementia
Significant correlations exist between odor identification ability and constructive ability (r 11 = 0.61, p<0.05) and conceptualization (r 11 = 0.60, p<0.05), but controlling age and education, the correlation coefficient was not significant.
The relation between olfactory and cognitive abilities in control group of elderly persons
Almost all correlation coefficients between odor identifaction and cognitive abilities were significant: attention (r 30 
discussion
The main finding of this preliminary clinical study is that patients with AD have significant impairment on an odor identification task comparing to other two groups of participants. This is in accordance with the results obtained by Knupfer and Spiegel [27] who used a series of experimental olfactory tests to compare patients with AD, VaD and healthy elderly control subjects. The AD patients scored significantly worse on these measures than the VaD patients, who scored below the elderly control subjects. Duff et al.
[28] also showed that patients with AD scored significantly lower than patients with VaD on the pocket smell test. Although entorhinal cortex or other parts of the olfactory system theoretically could be affected in VaD, they are not consistent sites for vascular damage [28] .
The main explanation of obtained results is the existence of amyloid plaques and tangles in the medial temporal lobe that exert a significant influence on olfactory identification ability even in elderly participants who are not diagnosed with dementia [7] . This could explain mild impairment of olfactory function in elderly control subjects as well as the slight decrease in their overall cognitive functioning measured with DRS-2. functioning. This last point may be the most influential in determining our results. Namely, the process of identifying an odor poses sensory and cognitive demands [7] , especially possible lexical difficulty in naming an odor for patients with obvious cognitive deficits. But Murphy [8] showed that both lexically based and the nonlexically based olfactory identification tests showed high sensitivity and specificity for the 
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